Abstract -Eight taxa of cyanobacteria were identified in the thermal spring at Pancharevo (in the Sofia basin, Bulgaria). As well as the widespread Lyngbya thermalis, Phormidesmis molle (syn. Phormidium molle), Phormidium papyraceum, Phormidium corium and Mastigocladus laminosus, four species were identified for the first time in Bulgaria: Calothrix thermalis, Gloeocapsa gelatinosa, Leibleinia epiphytica and Symploca thermalis.
Introduction
Thermophilic cyanobacteria are interesting study organisms for basic as well as for applied research. Their ancestors are possibly the oldest primary producer organisms common in the distant past, and they perhaps used thermal springs as refugia (GOLD 1992 (GOLD , 1999 PLESCIA et al. 2001; ADHIKARY 2006; IZAGIURRE et al. 2006; HINDÁK 2008) . MILLER et al. (2006 MILLER et al. ( , 2007 have recently compared 37 strains of Mastigocladus laminosus isolated from sites throughout the world, analyzed 839 nucleotides of the 16S rRNA gene, and reconstructed phylogenies for the nitrogen metabolism genes. They concluded that, although the species per se is cosmopolitan, its populations are genetically differentiated on local geographic scales and genetically isolated by distance. A common ancestor may have been located in the Yellowstone area (USA).
Hexadecenoic acids have a possibly important role in the adaptation of Cyanobacteria to high temperatures and the ratio between saturated and unsaturated fatty acids (S/U ratio) decreases with decreasing temperature of a thermophilic strain of Synechococcus (MASLOVA et al. 2004) . In mesophilic strains cultivated at [25] [26] [27] [28] [29] [30] [31] [32] o C the S/U ratio was increased. A change in the S/U ratio, the mechanism of adaptation of algae to high temperatures, was lected into Eppendorf tubes, of 2 ml volumes, replicates were preserved with formaldehyde to a final concentration of 2%. Live cells were inoculated into wells of immunological plates (9´13 cm, with 96 wells a 0.25 mL), filled with 0.1 mL per well of nutrient solution D after CASTENHOLZ (1969) , solidified with 2% of agar, and sealed with Parafilm foil with a lid. Live samples were stored in the dark at room temperature during transport (CASTEN-HOLZ 1969) . Minicultures in wells were later inoculated into E-flasks with liquid D medium and exposed to standard environmental conditions (46°C, irradiated by fluorescent tubes (day type, PhAR = 30 W.m -2 ), CO 2 was not added). Pancharevo, region of Sofia, (42°36' 07.57'' N, 23°24' 13.12'' E) 3--7, K -1860, Ca -54300, HS < 50, S 2 O 3 2-< 300, SO 3 2-< 210, SO 4 2--38500, Fe -35. Detailed data are available in PENTCHEVAet al. (1997) . Outlet of water is open to the atmosphere and the flow is oscillating, is diverted into a reservoir, and is used for public laundry purposes (Plate 4, Fig. 3 ). Growth on concrete walls was green-blue to green-red, in different places (Plate 4, Fig. 2 ).
Microscopic observations
Microscopic observations were conducted with NU 2 and Amplival microscopes (Carl Zeiss, Jena) equipped with objective lens HI 100/1.3, and microphotographs were taken with an Olympus BX50, with HI 100/1.32 and equipped with a digital camera DP10.
Determination
Cyanobacteria were determined using monographs and keys of ANAGNOSTIDIS (1961) , STARMACH (1966) , ANAGNOSTIDIS and KOMÁREK (1990) , ANAGNOSTIDIS (1998, 2005) , and other literature cited in References.
Results and discussion
We have determined eight taxa in the hot spring of Pancharevo (Plates 1-3, 5). The mats of the cyanobacteria differ according to their position with respect to the outlet of the hot water, i.e. splashing and temperature. The species marked with asterisk (*) are new records for Bulgaria, as compared to VODENICHAROV et al. (1971) . Description: Cells rounded, 3 mm in diameter, daughter cells together in 2-more colonies in transparent, not laminated mucilage of a mother cell. Small granules scattered in cell, colour bright green-blue. Division of daughter cells in 3 perpendicular planes, colonies two-dimensional and grow up into a great irregular mass (Plate 2, Fig. 18 ). It grows as a black growth on the concrete walls of the spring (Plate 4, Fig. 4, arrow) .
Notes: G. gelatinosa has been observed in central and south-east Europe, Israel, Africa, Asia and USA. Similar to Gloeocapsa gelatinosa LEMMERMANN 1905, with respect to morphology of colonies and also ecology, but the latter has smaller cells, only 1-1.6 µm in di-LUKAVSKÝ J., FURNADZHIEVA S., PILARSKI P. Notes: Our species agrees with the description in morphology and size of cells, thin or invisible sheath. In the original description, whole filaments are attached by their entire length to host filaments. It has been recorded in freshwater, and also in thermal springs of lower temperature. In thermal springs, an epiphytic cyanobacterium was observed also in Yellowstone National Park, on Calothrix and described as Leibleinia calotrichicola (KO-MÁREK and ANAGNOSTIDIS 2005). Description: Cells cylindrical, barrel-shape, little or more constricted at terminal cells, 2-2.3´3 mm, sheath fine, colourless. Terminal cells rounded to little conical, colour of protoplast green -green-red, dominate, with Lyngbya thermalis, on concrete walls.
*Phormidesmis molle

Notes:
Our species agrees with the morphological description and size of cells and sheath. It has been recorded occasionally in thermal springs in Europe, mostly on margins and walls ANAGNOSTIDIS 2005, KOMÁREK et al. 2009 ). P. molle is a pantropical species; it occurs in waters with abundant water vegetation, growing in clusters and mats. Morphologically, it is very similar to Phormidesmis pristley (Fritsch) ), which was collected from Antarctica, in rapidly streaming water, attached on stones as reddish-brown mats. The similarity of the clade of P. molle and P. pristley to typical Phormidium, is 91%. The genus Phormidesmis is, however, based on the typical tropical type species of P. molle. The species was shown to produce bioactive substances such as microcystins and compounds with anti-tumor activities (TENEVA et al. 2005 Notes: Our species agrees in morphology and size of cells, and also in little conical terminal cells. Nevertheless, after KOMÁREK and ANAGNOSTIDIS (2005) , occurrence in thermal springs is problematic, including a record of P. corium sensu ANAGNOSTIDIS (1961). Nevertheless, the drawings of ANAGNOSTIDIS (1961, Tab. X, Figs. 59-60) are identical with our species. P. corium, which is recognised as a marine species SHARMA 2006, BHANDARI et al. 2007 ). It has been investigated with respect to photosynthesis, fatty acids, DNA, and its reaction to UV-B radiation.
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ACTA BOT. CROAT. 70 (2), 2011 LUKAVSKÝ J., FURNADZHIEVA S., PILARSKI P. Fig. 15 ), saddle-shape (Plate 3, Fig. 9 ) or branches emerge upright from basal filament (Plate 3, Fig. 24 ).
Notes: Mastigocladus laminosus was described from Karlovy Vary (Bohemia) by COHN (1862), later it was approved by KA [TOVSKÝ (2001) and Ka{tovský and Komárek (2001) . It is considered in many textbooks as a typical thermal cyanobacteria, growing in temperatures < 60 o C, pH > 7.5 and low salinity. Its taxonomic position, however, is complicated, because of its extreme morphological variability. It has been described as having different morphotypes: status, or forma »anabaenoides, nostocoides, oscillarioides, tolypotrichoides, scytonematoides, plectonematoides, Chlorogloeopsis«, also as subforma »normalis, subrecta, spiroides« etc.
KA [TOVSKÝ and JOHANSEN (2008) concluded that the name Mastigocladus laminosus should be reserved for populations with true branching filaments, growing only in thermal springs (f. laminosus). Their conclusions were based on comparison of the morphology of four of their own strains as well as comparison of analyses of 16S rRNA of 256 heterocytous cyanobacteria. M. laminosus f. nostocoides Frèmy is the second thermal taxon, but with unbranched filaments, and with life cycle steps morphologically similar to another taxon, M. laminosus f. oscillarioides Frèmy. It forms Nostocacean-like filaments, ensheated filaments, also filaments with Chlorogloeopsis-like branching, producing akinetes, heterocytes, and hormogonia.
Homogenity in DGGE banding profiles of the populations of a hot spring at Ranong, Thailand, proved that 16S rDNA gene distributions change along the thermal gradient 40-60°C, regardless of seasons (UDOMLUK et al. 2006) . Also, MILLER et al. (2009) found sympatric diversification along a temperature gradient (39-54°C) as a potent source of evolution, in White Creek, Yellowstone N.P. Geographic isolation may be an important aspect of cyanophycean evolution, including Mastigocladus, studied in Costa Rica, (FINSINGER et al. 2008) . CASTENHOLZ (1972) forecasted the existence of the two genetic types in Mastigocladus in his paper about Surtsey Island. They differ not only in morphology, but also in growth optima, since the branched form grew in <53°C, whereas the unbranched form grew in 60°C.
In our materials collected from other localities in Bulgaria, some of these forms were in coexistence, also with transient forms as well as together with the typical branched »fo. typica«. Characteristic colour, and granules in cytoplasma (Plate 1, Fig. 3 ) nevertheless, speak for an identical taxon.
The validity of a gap between Mastigocladus and unbranched Chlorogloeopsis (KOMÁ-REK and HAUER 2010) was proved also by 16S rRNA analysis (WILMOTTE et al. 1993) ; they also proposed that the ability to produce heterocytes can be lost by mutation. Also, Chlorogloeopsis fritschii is not so homogenous a species, since two different types of germination of akinetes were observed (HINDÁK 2008) . . Unfortunately, they are no available data about N content in springs on Surtsey Island (CASTENHOLZ p.c.), where heterocytes were also present. N-fixation, growth rate, pigment contents, etc. were compared in a group of 10 strains of Stigonematales, and M. laminosus proved to be not the best biomass producer, but a good N-fixer (SINGH et al. 2007) . Nitrogen fixing domain showed high frequency (18%) among the genera Mastigocladus, Nostoc, Anabaena etc. (LAKSHMI et al. 2009 ).
Mastigocladus laminosus was indentified from other hot springs: Kaziczene, Ravno Pole, Zheleznitza, in Sofia basin, Strelcza near , Gradeshnitza, in the Sandanski basin (LU-KAVSKÝ et al., not published). . Mastigocladus laminosus f. nostocoides was sensitive to concentrations of S < 0.15-0.25 mg L -1 (CASTENHOLZ 1976 ). The content of total S was 12.9 mg L -1 according to PENTCHEVA et al. (1997) . The other conditions in Pancharevo, temperature of 49.5 o C and pH 7.3, agree with limits cited in the literature.
Biotechnology prospects: M. laminosus has become a »hot model« organism studied in laboratories, also with a potential for biotechnological applications e.g. gliding of its hormogonia through agar (ROBINSON et al. 2007) , and production of capsular polysaccharides and their anti-cancer activity (GLOAGUEN et al. 1999 (GLOAGUEN et al. , 2007 . It is also interesting that its ferredoxin activity was optimal at 65°C (FISH et al. 2005 ), but the alga was shown to grow as a branched form at <53°C, and unbranched form in 60°C (CASTENHOLZ 1972) . M. laminosus has been demonstrated as a pioneer species for a laboratory model of cyanobacterial mat (BRYANSKAYA et al. 2008 ).
The problem of Mastigocladus laminosus obviously needs further observation in the field, but also followed with cultivation experiments and sequencing in the lab. The strain Lukavsky 2008/33 is deposited in the culture collection CCALA Tøeboò.
Spatial variability of mat
The cyanobacterial mat changed its composition and colour with respect to its position with respect to the source of hot water (Plate 1, Fig. 4) , i.e. the intensities of splashing and the resulting temperatures.
Mastigocladus laminosus dominated at the temperature of 48.5°C, e.g. at the mouths of the pipes (Plate 4, Fig. 1) . A deep blue-green growth, washed direct with water of 43°C (Plate 4, Fig. 3-a,) was colonized with Lyngbya thermalis. A green mat, splashed only with a small amount of water of 21°C (Plate 4, Fig.3-b) , was dominated by Symploca thermalis and Gloeocapsa gelatinosa. A green mat in another place, splashed intensively with water, even under an identical temperature 21°C, was colonized with M. laminosus and Symploca thermalis (Plate 5, Fig.10) . A red growth (Plate 4, Fig. 3-c) , with only a small increase over air temperature, 16°C, dry, wetted only by vapour, was colonized with Phormidium molle, Calothrix thermalis, Gloeocapsa gelatinosa and Symploca thermalis. The last species showed a greater spectrum of adaptability to temperature and conditions. Bblack spots on the wall, near the outlets of hot water of 22°C (Plate 1, Fig. 4) were dominated by Lyngbya thermalis and Phormidesmis molle. The data concur with CASTENHOLZ (1969 CASTENHOLZ ( , 1973 , who stressed that dramatic changes of temperature occurred along the gradient from the mouth of the spring, with concomitant changes in species composition.
Species richness
Seven species belonging to five genera of Cyanobacteria, from a spring at Pancharevo is comparable with the published literature, e.g. 13 springs studied in central Africa where MPAWENAYO et al. (2005) determined a total of 92 taxa of algae including Cyanobacteria and 80 taxa were Bacillariophyceae. In 14 springs in Sklené Teplice, Slovakia, 29 genera and 30 species of Cyanobacteria were identified (HINDÁK and HINDÁKOVÁ 2007) . In three maturing concrete basins of Pie{ any Spa, Slovakia (temperature 45-60°C), 19 genera with 15 species were identified (HINDÁK and HINDÁKOVÁ 2006) .
Precipitation of limestone
The Pancharevo spring is of a dolomite and limestone type, and it has over 3 g L -1 of CO 3 2-and CO 3 -. Grains of travertine precipitated on sheaths of Phormidium papyraceum (Plate 2, Figs. 27, 28, 30) , Phormidium mollum (Plate 3, Figs. 6, 14) , and also in clusters of filaments of Symploca thermalis (Plate 2 , Figs.4, 6, 7) , Mastigocladus laminosus (Plate 3, Fig. 13 ) and Lynbya thermalis (Plate 5, Fig.3 ). This precipitation is caused by photosynthesis, which intensively consumes CO 2 , and also by cooling the water outside the spring (COHN 1862 , FERRARI et al. 2002 . Because travertine is a quite stable and environment-friendly substance, these species are potential candidates for capturing, mitigation and as a sink for CO 2 from point sources of the gas (HSUEH et al. 2007 , ONO and CUELLO 2007 , OBST et al. 2009 ). The advantages of thermophilic species are their capacity to grow in both a high temperature, and a high concentration of CO 2 , which are common in point sources of CO 2 . Future experiments are necessary to evaluate the potency of such cultures.
Conservation of the locality
Pancharevo is very attractive locality, having a small spa and public swimming pool with thermal water, and with marginal capital investment should result in a great economic exploitation for the locality. The outlet of hot water is still semi-natural, exposed to light and it is a suitable place for growth of thermophilic cyanobacteria. It would be important to protect this important ecological habitat and to conserve this refugium of interesting and valuable genotypes. Four new species were recorded for Bulgaria. It is essential to set up some protective measures to prevent the deterioration of the site in the same way as at Karlovy Vary, Czech Rep., where »almost all springs were closed and changed into a hot water supply system, and remain completely without phototrophic microvegetation«, in spite of the fact that it is classic algological locality (KA [TOVSKÝ 2001 ).
